Colcemid (COM) and econazole (EZ) were tested for induction of mitotic arrest and C-mitotic effects in mouse bone marrow cells and for meiotic delay and induction of hyperploidy in mouse spermatocytes after single injection. Doses of 1 and 3 mg/kg COM were used and bone marrow and spermatocytes were sampled at 2, 6, 10, 14 and 18 h. For EZ a dose of 120 mg/kg and intervals of 6, 10, 14 and 18 h were chosen. At 2 h after COM treatment of bone marrow cells the mitotic index and C-mitotic effect were highest, then both decreased from 6 to 18 h. At 18 h the mitotic indices decreased to or significantly below the control level at doses of 1 and 3 mg/kg respectively, whereas the corresponding frequencies of C-mitotic cells were still significantly higher than in the controls. EZ also induced mitotic arrest and C-mitotic effects in mouse bone marrow cells. In contrast to COM, the effects of EZ were highest at 18 h after treatment COM and EZ caused disturbances in progression from the first to second meiotic division, however, after COM treatment the ratios of MMII to MMI were significantly below the control. In contrast, after EZ treatment the ratios were significantly higher than in the controls. Such differences may result from the different mechanisms by which COM and EZ act on cell cycle progression. COM and EZ did not induce non-disjunction under the experimental conditions. However, EZ induced structural chromosomal aberrations.
Introduction
Aneuploidy is a major contributor to human birth defects, stillbirths and spontaneous abortions. Approximately 0.3% of liveborn children, 4% of stillborn and 35% of spontaneous abortions have an abnormal chromosome number (Griffin, 1996) . Furthermore, in somatic cells increasing evidence suggests that abnormal chromosome numbers and the events giving rise to aneuploidy may be involved in the process of in vitro cell transformation and tumor formation in vivo (Oshimura and Barrett, 1986) . Thus aneuploidy represents a significant health, economic and social problem (Dellarco et al., 1985) . Many chemicals have been shown to affect specific target organelles responsible for normal chromosome segregation during mitosis and meiosis (Liang and Brinkley, 1985) . Therefore, it is of urgent importance to identify chemicals which can induce aneuploidy.
Colcemid (COM; mol. wt 371.4) is the synthetic equivalent of colchicine (COL; mol. wt 399.4) and only has one C and one O atom less. COM has been widely used by cytogeneticists for many years to accumulate cells in metaphase for chromosome analysis and is prefered to COL because of its better solubility and lower toxicity. Increases in mitotic index and in spindle and cell division aberrations were found in all COMtreated cell cultures analyzed (Kleinfeld and Sisken, 1966; Parry et al., 1982; Gatehouse et al., 1991) . COM induced aneuploidy in mammalian cell cultures (Cox, 1973; Cox and Puck, 1969; Hsu et al., 1983; Danford, 1984; Galloway and Ivett, 1986; Kato and Yoshida, 1972; Onfelt, 1986; Rainaldi et al., 1987) and in a humanXmouse hybrid cell line (Athwal and Sandhu, 1985) . Also, COM increased the frequencies of CREST-labeled micronuclei in cultured mammalian cells (Rudd et al., 1991) . In mouse bone marrow cells in vivo COM induced large micronuclei (Yamamoto and Kikuchi, 1980) . However, COM was found to be a very weak inducer of hyperploidy when chromosomes were counted in mouse bone marrow cells (Liang and Satya-Prakash, 1985) . In Drosophila melanogaster COM induced aneuploidy in germ cells. In the F! generation the frequencies of aneuploid males and females were significantly higher than in the controls after COM was fed to females and/or larvae (Traut and Scheid, 1974; Held, 1982) . COM caused meiotic delay in mouse spermatocytes in vivo (Liang et al., 1985) and completely inhibited chromosome movement in rat spermatocytes in vitro at a concentration of 1 ug/ml (Salonen et al, 1982) . However, Tates (1979) failed to demonstrate that COM could induce sex chromosome non-disjunction in male germ cells of Microtus oeconomus. Whether COM can induce hyperploidy in mouse spermatocytes or not remained to be answered.
Econazole (EZ), a phenethylimidole drug, is used as a broad sprectrum antimycotic agent (Parry and Sors, 1993) . EZ was classified as a membrane damaging agent by Liang and Brinkley (1985) . It was included in the test package of the EU Aneuploidy Project to evaluate potential inducers of aneuploidy (Parry and Sors, 1993) . Bellincampi etal. (1980) demonstrated that EZ is a potent inducer of mitotic aneuploidy in the fungus Aspergillus nidulans, which was further confirmed by the studies in Saccharomyces cerevisiae (Parry, 1993) . In contrast, Albertini (1990) failed to detect any increase in aneuploidy induction in the yeast strain D61.M following EZ exposure. EZ produced abnormal microtubular structures as observed by electron microscopic studies and caused inhibition of tubulin polymerization (Wallin and Hartley-Asp, 1993) , whereas Brunner et al. (1991) reported that EZ did not show any effects on tubulin polymerization but induced a dose-dependent reduction in polymerization velocity. The differences in results obtained with EZ from laboratory to laboratory and even within the same laboratory were also seen in mammalian cell cultures and rodent assays in vivo. For example, EZ induced micronuclei in a dose-dependent manner in V79 cells (Ellard and Parry, 1993) and in Cl-1 cells (Antoccia et al., 1991) , but not in LuC2 cells (Lynch and Parry, 1993) . In mouse bone marrow Miller and Adler (1989) found that EZ significantly increased the mitotic index and the frequencies of C-mitotic cells, but negative results were reported by Leopardi et al. (1993) . Meiotic delay and hyperploidy in cells at second meiotic division (MMII) were found in mouse spermatocytes after EZ treatment by Miller and Adler (1992) . However, again Leopardi et al. (1993) reported a negative result. So, whether EZ can induce meiotic delay and hyperploidy during meiosis of mouse spermatocytes or not remains unclear.
Mitotic index and C-mitotic effects in bone marrow cells and meiotic delay in germ cells can serve as indicators of perturbations in mitotic and/or meiotic progression of cells treated with chemicals. The correlations between aneuploidy induction in meiosis and meiotic delay in germ cells have been described by Adler et al. (1993) and Leopardi et al. (1993) . It was suggested that C-mitotic effects and meiotic delay can be used as pre-screening for possible aneuploidy inducers because analysis of the C-mitotic effect and meiotic delay is much simpler and faster than chromosome counting in cells at mitosis or cells at MMII. In the case of a positive result these pre-screens can be used to determine the optimal experimental conditions for confirmation of aneuploidy induction (Miller and Adler, 1992; Leopardi etal., 1993) . Therefore, analyses of mitotic index, C-mitotic effects and meiotic delay were performed in the same animals used for chromosome counting in cells at MMII after COM and EZ treatment in this communication.
Materials and methods

Animals
The (101/E1XC3H/E1) F[ mice employed in the present experiments were bred and maintained at the GSF animal colony under controlled temperature and humidity and with free access to pellet food and water Animals were randomly assigned to each experimental group of different doses and sampling intervals and concurrent solvent controls. The animals weighed 24-29 g and were 10-14 weeks old. Each experimental group consisted of six males treated with the test compound and two males treated with the respective solvent. Only five animals were treated with EZ for sampling at the 18 h interval Chemical* and treatment COM, EZ and COL were provided by J M.Parry (School of Biological Sciences. University of Wales, Swansea. I'K) COM and COL were dissolved in double-distilled uater For h/ 70 f .r DMSO (in ph\siologii_al saline) uas used as solvent All substances were applied b\ i p injection The animals were treated with a dose of 1 mg/kg COM and sampled at 2. ft. If), 14 and IN h dtter a single injection After 3 mg/kg COM treatment unh the 1H h sampling interval uas chosen 1 or hJ. a dose ut 120 mg/ke and intervals of ft. 10. 14 and IS h after a single injection uere chosen according to the experiments reported h\ Miller and Adler (19H9. 1992) Si\ mice treated for 1H h with COL at a dose of 3 mg/kg were used as a posime control, according to Miller and Adler (1992| The injected \olumes were 0 01 ml/g hod_\ ut
Rfine inarrtm u\\u\
At each sampling interval the animals uere saenhud. the tuu tcmnrd of each mouse were extracted and the Hnne marrnu LL' 1' S were flushed into Hanks' balanced salt solution Air-dned preparations uere made h_\ routine methods and stained unh 2'r acetic oreein Mitotic index fMI) was determined hv microscopical counting (if the mitotic division stages among 1000 ccIK/animal. Changes in MI were expressed as a factor of the mean Ml from treated animals o\cr the mean MI from concurrent , ;, Jr _; ..-ntr.^-A total ot 1(H) cells at mitotic mctupha-se uere scored per animal and Llassified into fue gmups according to increasing chromatid contraction and separation I Miller and Adler. 1989) . Induction of C-mitotic effects uas deduced from an increase in the frequencies ot cells in classes C--H in treated animals compared with the controls Cells classified in classes A and B -jr-rsj-' ' a"j tn <r^ °* * h . ^n rT~j1 cn"t r jw f i(i" and separation ot chrnmatids
Example of a dicentnc chromosome with acentric fragments in a mouse spermatocyte at the second meiotic division (stained by C-banding).
were obtained by the method of Evans et al. (1964) For assessment of meiotic delay slides were stained in 1* lacto-aceto-orcein. To count the number of chromosomes in MMII slides were stained by the C-banding technique according to Sumner (1972) . For detection of rrutotic and meiotic delay the number of spermatogonial mitotic cells (Spg), cells at first meiotic metaphase (MMI) and cells at second meiotic metaphase (MMII) were counted microscopically in slide areas that contained 1000 mid pachytenc nuclei Meiotic delay is deduced from a deviation of the ratio of MMII to MMI, which should be 2 if division progression is undisturbed (Miller and Adler, 1992) .
A total of 100 MMII cells were analyzed per animal for hypo-and h\pcrploid\ and for structural chromosome aberrations using an interactive image analysis system (IKAROS3. MetaSystcms. Altlussheim, Germany) DicentnL chromosomes ( Figure 1 ) and fragments were the structural aberrations scored Statislu ul uiiul\ SM Significant differences in MI and frequencies ot C-mitotic cells iclasses C -E) uere determined nv eompannc the results of each treatment group with the concurrent solvent controls using Student's r-tcst
The differences in the ratio of MMII to MMI m treated animals o\er all concurrent sohent controls uere tested for significance using the MannWhitnc) L-test I Miller and Adicr. 19921 To determine signihLjnt difference-rietucen the results !nn:, gmup-of treated and concurrent solvent control animals statistical treatment ot the data on hvpoploid). hv perploid) and structural chromosome aberrations from MMII cells uere performed using the y~ test
Results
Bone marrow assays
The results of the bone marrow experiments are shown in Tables I and II 0.05). The frequencies of C-mitotic cells in classes C-E were significantly higher than in the concurrent solvent control animals at every sampling interval (P < 0.01), although they gradually decreased from 2 to 18 h.
The results of the positive control group treated with COL showed the expected increase in MI and in frequency of C-mitotic cells. The COL effects were significantly greater than those induced by 1 and 3 mg/kg COM at the same time of sacrifice (Tables I and II) .
After EZ treatment the MI and the frequencies of C-mitotic cells were significantly higher (P < 0.01) than in the concurrent solvent controls at 6 h (Tables I and II) . At 10 h the mean MI increased and reached its highest value at 18 h ( Figure 2A ). The frequencies of C-mitotic cells at 6 and 10 h were nearly the same and then they increased from 14 to 18 h (Table II and Figure 3B ).
Germ cell assays
The results of the tests for meiotic delay are shown in Table  HI and Figures 4 and 5. The meiotic delay was expressed as the ratio of MMII to MMI and in the two concurrent solvent control groups the ratios were 2:1 as expected.
In the positive control group treated with COL a lower MMH to MMI ratio was found than in any of the COM treatment groups. COL also increased the relative frequency of spermatogonial mitoses to >50% (P < 0.01).
As early as 2 h after COM treatment the ratio of MMII to MMI significantly decreased as compared with the concurrent solvent controls (P < 0.01) and a plateau was reached at 10 h. After EZ treatment the relative frequencies of cells at MMI significantly decreased and the relative frequencies of MMII significantly increased (P < 0.05), consequently the ratios of MMII to MMI were significantly above the controls. Both COM and EZ increased the relative frequencies of spermatogonial mitoses (P < 0.05), however to a much lesser extent than COL.
The results of chromosome counting for aneuploidy and analysis of structural chromosome aberrations are presented in Table IV and Figures 4 and 5. Only the frequencies of hyperploidy are considered because hypoploid cells could result from artifactual chromosome loss during slide preparation (Liang and Satya-Prakash, 1985) . In the positive control group COL led to a significant increase in the frequency of hyperploidy, as expected (P < 0.01). After COM and EZ treatment the frequencies of hyperploid MMH cells increased from 0 in the solvent control to 0.33% and were not significantly different from the controls.
The frequencies of chromosomal aberrations were 0.43 and 0.38% in the two solvent control groups, respectively, and there was no statistically significant difference in the COL or COM treatment groups. After EZ treatment the frequencies of aberrations were in the control range at 6 and 10 h, but at 14 and 18 h they were significantly higher than in the controls (P < 0.01).
Discussion
Both COM and COL can inhibit polymerization of microtubules by binding to tubulin, which prevents formation of mitotic and meiotic spindles. However, there are some differences in biological effects between these two compounds in mouse bone marrow cells. As shown in Tables I and II and Figure 2 , the mitotic indices and the frequencies of C-mitotic cells decreased from 2 to 18 h after COM treatment. In particular, the MI at 18 h post-injection decreased to or significantly below the control level at 1 or 3 mg/kg COM respectively (Table I ). In contrast, after COL treatment at a dose of 1 mg/kg the MI and C-mitotic cells increased at 1 h and plateaux were reached at 6 and 3 h respectively. At 18 h post-injection they were still significantly higher than in the controls (Zhou, personal communication). The data presented here also indicate that the MI and C-mitotic cells were significantly higher than in the concurrent solvent controls at 18 h after COL treatment (Tables I and II) . MI and the C-mitotic effect could serve as indicators of bioavailability of the tested compound and its metabolites if a positive response occurs (Wertz and Ficsor, 1978) . Our data reported here indicate that COM exhibited its effects much earlier than COL. Similar results were obtained by Kleinfeld and Sisken (1966) (Tables I and II) Bancerjee and Bhattacharyya (1979) found: (i) COM bound to tubulin rapidly and equilibrium was attained within 45 min, whereas COL bound to tubulin more slowly and 2 h were required to reach equilibrium under the same conditions; (ii) in contrast to the COM-tubulin interaction, which was freely reversible, binding of COL to tubulin was almost irreversible. Therefore, it is reasonable to suggest that in mouse bone marrow COM binds to tubulin and separates from the COMtubulin complex earlier and more easily and COM may be metabolized and/or excreted much faster than COL. MI is dependent on time and chemical dose. It reflects the relative proportions of cells entering mitosis and leaving metaphase. MI is correlated with C-mitotic effects. Increased MI indicate that cells are arrested in metaphase so that more time is available to contract and separate the chromatids. After treatment with 1 mg/kg COM MI rapidly decreased with increasing sampling intervals and reached the control level at 18 h, while the frequency of cells in classes C-E was still significantly over the controls at that time (Tables I and II) . Moreover, at 18 h after treatment with 3 mg/kg COM MI was significantly below the controls, but the corresponding frequency of C-mitotic cells was still significantly higher than in the controls (Tables I and II) . Wang and Adler (1990) number of cells entering mitosis from interphase, which decreased in a dose-dependent manner. As early as 1970 Fitzgerald and Brehaut (1970) had found that COL could prevent cells from initiating DNA synthesis and reduce the rate of DNA synthesis, which subsequently prolonged S and G2 phase in human lymphocytes in culture and they suggested that the reduced MI probably resulted from depressed DNA synthesis. The results of Hell and Cox (1963) and Stubblefield (1964) also indicated that COL suppressed DNA synthesis in Guinea pig ear skin cells and in Chinese hamster cells in vitro respectively. Therefore, it is possible to explain the decrease in MI in mouse bone marrow after COM treatment as the result of prolonging interphase of cells by depressing DNA synthesis. Indeed, COM inhibition of initiation of DNA synthesis was also found in Chinese hamster cells (Stubblefield, 1964) and in Guinea pig ear skin cells in vitro (Hell and Cox, 1963) . Both COM and EZ failed to induce hyperploidy in meiotic cells of male mice in our experiments (Table IV and Figures  4 and 5) . In the positive control group treated with COL the frequency of hyperploidy in MMII cells was significantly higher than in the controls, as expected, however, it was somewhat lower than that reported by Miller and Adler (1992) . The difference may be due to the fact that C-banded chromosomes were counted in the present study. Similarly, the solvent controls of the published and the present data differ due to the different staining methods. Here we stained the slides by the C-banding technique, which allowed counting of chromosomes by their centromeres. It was very easy to distinguish chromatids and fragments from complete chromosomes in C-banded slides, whereas orcein staining allowed counting of chromosomes only by more or less homogeneously stained chromatin, which made it difficult to distinguish between fragments, chromatids and complete chromosomes.
Tates (1979) did not find that non-disjunction of sex chromosomes in male Microtus oeconomus spermatids was significantly elevated above the controls after treatment with 3.7 mg/kg COM. After COM was fed to Drosophila melanogaster for 7 days during the egg-laying period (Traut and Scheid, 1974) or to larvae throughout most of the larval period (Held, 1982 ) the frequencies of non-disjunction of the X chromosome were significantly higher than in the controls. (Tables III and IV) . (Tables in and IV) .
Different animal species and protocols employed were probably responsible for such different responses to COM. Liang and Satya-Prakash (1985) found that the frequency of hyperploidy in mouse bone marrow cells was slightly but significantly above the controls after a single treatment with COM at a dose as high as 37 mg/kg, sampled from 17 to 96 h. Micronucleus tests of mouse bone marrow showed that COM induced micronuclei, 44% of which were relatively large (Yamamoto and Kikuchi, 1980) . They concluded that COM could cause aneuploidy in mouse bone marrow cells. The different response between bone marrow and germ cells may result from the different sensitivities of these two tissues to COM and/or different amounts of COM distributed to these two tissues. Though COM could induce hyperploidy in mouse bone marrow cells, it is necessary to point out that the frequencies of hyperploidy were very low (0.5-1%) and hyperploid cells were found only in three of 10 treated animals (Liang and Satya-Prakash, 1985) . In contrast, higher rates of chromosome non-disjunctions were produced by COM treatment in almost all cells tested in vitro (Hsu et al., 1983; Tenchini et al., 1983; Danford, 1984; Athwal and Sandhu, 1985; Rainaldi et al, 1987) . Liang et al. (1985) and Hsu and Satya-Prakash (1985) suggested that the different frequencies of aneuploidy in mouse bone marrow and cells in vitro after COM treatment may result from the differences between the in vivo and in vitro situations. In cultured cells, where metabolism and excretion of COM did not occur, the concentrations of COM did not change greatly during the treatment period. However, as discussed above, COM was metabolized and/or excreted much faster than COL in vivo. It has been shown that COL and vinblastine, which are not metabolized and/or excreted as fast as COM in vivo, also induced more hyperploidy in mouse germ cells (Mailhes and Zhi, 1987; Miller and Adler, 1992; Leopardi et al., 1993) . Therefore, being metabolized and/or excreted quickly may be one of the reasons for the lack of COM-induced aneuploidy in meiosis of male mice. Another explanation would be that COM may have blocked spermatocytes in MMI and a certain amount of time is needed for these cells to overcome the block and proceed to MMII. Thus, later sampling times might be required to recover MMII cells with aneuploidy induced during MMI.
As reported previously, EZ induced mitotic arrest and C-mitotic effects in mouse bone marrow cells (Miller and Adler, 1989) (Tables I and II and Figure 2) . In cultured human lymphocytes and the hamster cell lines Don:Wg3h and LuC2, however, EZ did not produce mitotic arrest and C-mitotic effects after treatment with a very wide dose range (0.1-30 ng/ml) (Shrana et al., 1993; Warr et al., 1993) . Moreover, a decrease in MI was found in hamster embryonic lung cells Cl-1 and human diploid fibroblasts after EZ treatment (Antoccia et al, 1991; Bonatti et al, 1992) . These results indicate that EZ has different effects on mitosis in vivo and in vitro, as well as in various cell lines. In the present experiments EZ caused an increase in MI in bone marrow cells, which is indicative of mitotic arrest. In spermatocytes the ratio of MMII to MMI was increased by a reduction in cells in MMI accompanied by an increase in cells in MMII. These finding suggest that mitotic and meiotic cells respond differently to EZ.
EZ failed to induce hyperploidy in meiosis of male mice at all sampling intervals after single injections (Table IV and Figure 4 ). This contrasts with a previous report from our laboratory, where a significant increase in the frequency of hyperploidy in cells at MMII of male mice of the same strain was seen at 6, 14 and 22 h after treatment with 80, 100 and 120 mg/kg EZ (Miller and Adler, 1992) . This apparent difference resulted mainly from the different staining methods. Actually, we did find that the frequency of chromatid fragments in MMII increased significantly after EZ treatment (Table IV and Figure 5 ). Recently Leopardi et al. (1993) also reported that EZ could not induce hyperploidy in meiosis of male mice at any of the sampling intervals from 6 to 18 h after treatment with doses of 80 and 120 mg/kg by counting C-banded chromosomes. These results indicated that it is important to count MMII chromosomes in C-banded slides.
Both COM and EZ can cause mitotic arrest and C-mitotic effects in mouse bone marrow and meiotic delay in mouse germ cells (Tables I-m and Figures 1-4) . However, the differences in effects of these two chemicals on cell cycle progression are also obvious, such as: (i) when MI of COM treatment groups was nearly the same as or even below that of EZ treatment groups, C-mitosis effects on COM treatment groups were always higher than those on EZ treatment groups; (ii) the ratios of MMII to MMI were significantly lower after COM treatment than in the solvent controls, whereas after EZ Table IV 578 (96 33 ± 583 (97 17 ± 589(98.17 ± 593 (99.00 ± 591 (98.50 ± 597 (99.33 ± ( 581 (96.80 ± ( 787 (98 37 ± ( 598 (99.67 ± ( 589 (98.17 ± 595 (99.17 ± ( 292 (97 33 ± .20) .89) .46)
•34)
.16) .50) ).75) ).69) )70) ).47) .07) ).69) .70) n > 20 (%) 0 (0 00 ± 0.00) 6 (1 00 ± 1 00) b 1 (0.17 ± 0.37) 1 (017 ± 0.37) 1 (0.17 ± 0.37) 1 (0.17 ± 0.37) 0 (0.00 ± 0.00) 1 (0.17 ± 0.37) 0 (0.00 ± 0.00) 0 (0.00 ± 0.00) 0 (0.00 ± 0.00) 0 (0.00 ± 0 00) 1 (0 33 ± 0 47) MMII cells with structural aberrations (%) 6 (0.43 ± 0.62) 7 (1.17 ± 1 34) 6(1.00 ± 1.41) 2 (0 33 ± 0.75) 2 (0.33 ± 0.47) 3 (0.50 ± 0.50) 6(1.00 ± 1.160) 3 (0.50 ± 0.76) 3 (0.38 ± 0.49) 1 (0.17 ± 0.37) 3 (0.50 ± 0.50) 16 (2.67 ± 2.06) b 10 (3.33 ± 0.94) b Control 1, animals were treated with double-distilled water Control 2. animals were treated with 70% DMSO in physiological saline. X 1 : 'P < 0.05, b P < 0.01. treatment the ratio was significantly higher than in the solvent controls. The discrepancies probably result from different mechanisms by which these chemicals affect cell cycle progression. It is well known that COM can inhibit formation of the spindle apparatus by preventing tubulin from polymerizing, so that cells entering mitosis in the presence of COM are blocked at metaphase. However, the two chromatids of each chromosome in cells blocked at metaphase still continue to condense and separate, which is characteristic of COL and is termed the C-mitotic effect (Hsu and Satya-Prakash, 1985) . A study comparing the effects of COM and EZ on Don:Wg3h cells was reported by Warr et al. (1993) . They found that 98.7% of the cells did not have spindles and all cells were arrested at metaphase after COM treatment. In contrast, cells without spindles were =S9% after treatment with EZ (Warr et al., 1993) . The results reported here indicate that COM and EZ cause mitotic arrest and C-mitosis by different mechanisms in vivo.
Conclusions
COM induced an increase in Ml and in C-mitotic cells in mouse bone marrow, which occurred as early as 2 h after treatment. In contrast, the positive control COL acted more slowly but more efficiently. These results reflect the metabolic differences discussed for the two related chemicals. Also, during meiosis COM acted more quickly but less effectively than COL in inducing meiotic delay. In contrast to COL, COM did not induce hyperploidy. COL was much more effective in arresting spermatogonial cells in mitosis than COM.
In bone marrow EZ increased MI and induced C-mitotic cells, which peaked at 18 h after treatment. The time course was similar but the effect was weaker than with the positive control COL. At spenmatocyte meiosis EZ inhibited cells entering MMI or leaving MMH, as indicated by the increase in the ratio MMILMMI. Interestingly, EZ was not aneugenic but exhibited clastogenic effects. This observation was only possible in C-banded slides.
